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Clinical characteristics, management and outcome of COVID-
19-associated immune thrombocytopenia: a French multicentre
series
The causes of secondary immune thrombocytopenia (ITP),
which account for approximately 18–20% of all adult ITP
cases, include some viral infections.1,2 Indeed, ITP can be
triggered by or associated with many viruses including hep-
atitis C virus, human immunodeficiency virus, cytomegalo-
virus, Epstein–Barr virus and others like severe acute
respiratory syndrome coronavirus-1 (SARS-CoV-1).1,3–5
Among the suspected mechanisms, antibodies directed
against virus glycoproteins may cross-react with platelet
surface integrins like glycoprotein IIb/IIIa (GPIIb/IIIa) or
GPIb-IX-V.6
Mild thrombocytopenia has been observed in approxi-
mately 5–10% of patients with symptomatic SARS-CoV-2
infection.7 Various mechanisms have been suggested, includ-
ing decreased platelet production and enhanced platelet
destruction, as for other viral infections.5,8 Recently, a mem-
ber of our network reported the first case of severe ITP asso-
ciated with coronavirus disease 2019 (COVID-19).9 Three
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other cases have been reported subsequently.10,11 These single
observations limit the interpretation of data, due to possible
publication bias. To better characterise the clinical course,
management and response to therapy of de novo ITPs occur-
ring after SARS-CoV-2 infection, we recorded the incident
cases that occurred up to 30 April 2020 in France in centres
belonging to the French Reference Network for Adult Autoim-
mune Cytopenias (Table SI. ITP was defined according to the
International Working Group definition with no evidence of
any other cause of thrombocytopenia such as disseminated
intravascular coagulation.12 We focussed on patients with pro-
found thrombocytopenia, that is: a platelets count nadir of
<30 9 109/l during the course of the disease to reduce the
potential number of sepsis-induced thrombocytopenia.13
Response and complete response (CR) were defined according
to standardised international criteria: platelet count of
>30 9 109/l with at least a doubling of the baseline value, and
platelet count of >100 9 109/l respectively. According to
French law and European Union general data protection regu-
lations, all patients were informed about the study and data
collection by a written letter detailing their rights.
We included 14 patients with a reverse transcriptase-poly-
merase chain reaction (RT-PCR)-confirmed SARS-CoV-2
infection on a nasopharyngeal swab (n = 12) or a highly sug-
gestive feature of COVID-19 on chest computed tomography
(CT)-scan with compatible clinical symptoms (n = 2).
Patients’ characteristics are described in Table I. The median
(range) age was 64 (53–79) years and seven patients (50%)
were women. The median (range) time from first COVID-19
manifestations to first ITP manifestation was 14 (2–30) days;
it was >7 days in 12 (86%) cases. In four patients (#3, #4,
#10 and #12), a SARS-CoV-2 RT-PCR was performed at the
time of ITP onset: it was positive in two of them, demon-
strating an active viral shedding, and negative in the two
others, including one with a previous positive RT-PCR at the
time of infection (patient #12). Seven patients (50%) had a
hypoxaemic pneumonia corresponding to a World Health
Organization (WHO) progression score of ≥5. The outcome
of COVID-19 was favourable in all cases. Only one patient
was admitted to the Intensive Care Unit (ICU) due to acute
respiratory failure (patient #14). No deaths occurred.
Regarding ITP, all patients but one had initial a platelet
count of <20 9 109/l and 11 patients had a platelet count of
≤10 9 109/l. In all cases, either a previous normal platelet
count was obtained or the patient had no previous history of
bleeding. Haemorrhagic manifestations were heterogeneous.
Noteworthy, four patients had severe bleeding symptoms,
including intracranial haemorrhage, gastrointestinal, severe
metrorrhagia and gross haematuria (one of each). Of note,
three other patients had mucosal bleeding. One patient (#4)
was diagnosed concomitantly with chronic lymphocytic leu-
kaemia. First-line treatment consisted of corticosteroids alone
(i.e. prednisone 1 mg/kg/day) for four patients who achieved
an initial response after a median (range) of 10 (5–21) days.
One patient who received 40 mg of dexamethasone for
4 days also achieved CR on Day 5. Importantly, none of
these five patients had a worsening of COVID-19 pneumo-
nia. Intravenous immunoglobulin (IVIg; 1–2 g/kg) was
administered to nine patients, alone in four patients, or asso-
ciated with a thrombopoietin receptor agonist (romiplostim,
n = 1; eltrombopag, n = 2; eltrombopag + methylpred-
nisolone, n = 1) or with prednisone (n = 1). All achieved a
rapid initial response. After a median (range) follow-up of
60 (30–63) days, all patients achieved at least a response
(nine CR and three response), but three had relapsed. No
thrombosis was observed.
This first multicentre series reveals that COVID-19-associ-
ated ITP occurs mostly during the second phase (after
1 week of evolution) of SARS-CoV-2 infection, with signifi-
cant bleeding and a favourable outcome. In all patients, an
immune mechanism was suspected because of the exclusion
of alternative causes, in particular no evidence of sepsis-in-
duced thrombocytopenia (the only patient in ICU dramati-
cally responded to IVIg) and disseminated intravascular
coagulation. Post-infectious ITP has been described in many
infectious contexts after the first week of infection.1,3–5
Importantly, we have excluded other viral causes of ITP, and
the occurrence of other viruses, such as influenzae, have been
dramatically reduced during the containment in France as in
other countries.14
Here, the causal relationship between SARS-CoV-2 infec-
tion and ITP was supported by several points: 1) the time of
occurrence (after the first week of infection as reported for
other virus-induced ITPs); 2) the exclusion of alternative
causes, in particular no evidence of sepsis-induced thrombo-
cytopenia (the only patient in ICU dramatically responded to
IVIg) and disseminated intravascular coagulation; 3) the dra-
matic response to steroids or IVIg; 4) the low rate of recur-
rence as usually observed in ITP triggered by acute viral
infections; 5) the very low number of newly diagnosed ITP
during the lockdown in France.
Interestingly, it has been recently shown that patients with
severe COVID-19 pneumonia produce a very large quantity
of antibody secreting cells during the second week after first
symptoms, in contrast to patients with few symptoms who
did not.15,16 The short time between COVID-19 first symp-
toms and ITP onset in some patients of our present series
suggests the presence of extrafollicular B-cell generating
cross-reactive antibodies against platelets. In contrast, delayed
ITP and ITP relapses evoke a germinal centre response
resulting in persistent pathogenic antibodies secretion.17
Thus, like other viruses, COVID-19 may be responsible for
transient resolutive ITP, but also for triggering a tolerance
breakdown potentially leading to persistent or chronic ITP.
Indeed, three patients relapsed during follow-up. The exact
causative mechanism of thrombocytopenia remains specula-
tive, and needs further experimental studies.
Because of the high incidence of thromboembolic events
in patients with severe COVID-19,18 it is reassuring that we
did not observe any thrombosis, including in patients
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receiving corticosteroids, IVIg and thrombopoietin receptor
agonists during the first 2 months of follow-up. Similarly, no
patient treated with corticosteroids had worsening of
COVID-19 pneumonia. Altogether, these findings sustain
recent British guidance that recommend first-line treatment
with corticosteroids for SARS-CoV-2-associated ITP.19
The present retrospective study has some limitations. Two
patients had a negative SARS-CoV-2 RT-PCR. However, the
sensitivity of nasopharyngeal swab RT-PCR is only approxi-
mately 70% and these two patients had clinical symptoms
and a CT-scan pattern of COVID-19.20 Albeit using the
National Reference Centre Network for Adult Immune
Cytopenias that covers the whole French territory, we cannot
ensure completeness of case recording. Moreover, because
the defined platelet-count threshold was <30 9 109/l to be
included in this series, the number of COVID-19-associated
ITP may have been underestimated. Nevertheless, the preva-
lence of COVID-19-associated ITP is probably rare. Indeed, a
mathematical model estimated that 37 million (range 23–
67) people have been infected in France.21
Altogether, this series highlights that COVID-19-associated
ITP can cause profound thrombocytopenia and severe bleed-
ing manifestations occurring mostly during the second phase
of the infection, but has a favourable outcome in most cases.
Initial response to standard ITP treatments seems very good,
with no strong safety signal and especially in regard to the
risks of thrombosis and of bacterial infection.
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la Timone, Assistance Publique Hôpitaux de Marseille, Aix Marseille
Universite, Marseille, France.
E-mail: matthieu.mahevas@aphp.fr
Keywords: COVID-19, ITP, Treatment
First published online 4 August 2020
doi: 10.1111/bjh.17024
Supporting Information
Additional supporting information may be found online in
the Supporting Information section at the end of the article.
Table SI. Number of patients recorded in this series by
participating centres in the network.
References
1. Cines DB, Bussel JB, Liebman HA, Luning Prak ET. The ITP syndrome:
pathogenic and clinical diversity. Blood. 2009;113:6511–21.
2. Moulis G, Palmaro A, Montastruc J-L, Godeau B, Lapeyre-Mestre M, Sail-
ler L. Epidemiology of incident immune thrombocytopenia: a nationwide
population-based study in France. Blood. 2014;124:3308–15.
3. Boyer Chammard T, Schepers K, Breurec S, Messiaen T, Destrem AL,
Mahevas M, et al. Severe thrombocytopenia after zika virus infection,
guadeloupe, 2016. Emerg Infect Dis. 2017;23:696–8.
4. Tanaka M, Kamijo T, Koike K, Ueno I, Nakazawa Y, Kurokawa Y, et al.
Specific autoantibodies to platelet glycoproteins in Epstein-Barr virus-asso-
ciated immune thrombocytopenia. Int J Hematol. 2003;78:168–70.
e228 ª 2020 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2020, 190, e181–e232
Correspondence
5. Yang M, Ng MH, Li CK. Thrombocytopenia in patients with severe acute
respiratory syndrome (review). Hematology. 2005;10:101–5.
6. Assinger A. Platelets and infection – an emerging role of platelets in viral
infection. Front Immunol. 2014;5:649. https://doi.org/10.3389/fimmu.2014.
00649
7. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological
and clinical characteristics of 99 cases of 2019 novel coronavirus pneumo-
nia in Wuhan, China: a descriptive study. Lancet. 2020;395:507–13.
8. Xu P, Zhou Q, Xu J. Mechanism of thrombocytopenia in COVID-19
patients. Ann Hematol. 2020;1–4.
9. Zulfiqar AA, Lorenzo-Villalba N, Hassler P, Andres E. Immune thrombo-
cytopenic Purpura in a patient with covid-19. N Engl J Med. 2020;382:e43.
10. Nham E, Ko JH, Jeong BH, Huh K, Cho SY, Kang CI, et al. Severe throm-
bocytopenia in a patient with COVID-19. Infect Chemother. 2020 [pub-
lished online ahead of print, 2020 Apr 23].
11. Ahmed MZ, Khakwani M, Venkatadasari I, Horgan C, Giles H, Jobanpu-
tra S, et al. Thrombocytopenia as an initial manifestation of Covid-19;
Case Series and Literature review. Br J Haematol. 2020;189(6):1057–8.
12. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D, Arnold DM,
et al. Standardization of terminology, definitions and outcome criteria in
immune thrombocytopenic purpura of adults and children: report from
an international working group. Blood. 2009;113:2386–93.
13. Venkata C, Kashyap R, Farmer JC, Afessa B. Thrombocytopenia in adult
patients with sepsis: incidence, risk factors, and its association with clinical
outcome. J Intensive Care. 2013;1:9. https://doi.org/10.1186/2052-0492-1-9.
14. Chan KH, Lee P, Chan CY, Lam KBH, Ho P. Monitoring respiratory
infections in covid-19 epidemics. BMJ. 2020;369:m1628.
15. Woodruff M, Ramonell R, Cashman K, Nguyen D, Ley A, Kyu S, et al.
Critically ill SARS-CoV-2 patients display lupus-like hallmarks of extrafol-
licular B cell activation. medRxiv. 2020 Preprint. https://doi.org/10.1101/
2020.04.29.20083717.
16. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Pere H, et al.
Impaired type I interferon activity and exacerbated inflammatory
responses in severe Covid-19 patients. medRxiv, 2020 Preprint. 1101/2020.
04.19.20068015.
17. Jenks SA, Cashman KS, Woodruff MC, Lee FE, Sanz I. Extrafollicular
responses in humans and SLE. Immunol Rev. 2019;288:136–48.
18. Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et al. ISTH
interim guidance on recognition and management of coagulopathy in
COVID-19. J Thrombosis Haemostasis: JTH. 2020;18:1023–6.
19. Pavord S, Thachil J, Hunt B, Murphy M, Lowe G, Laffan M, et al. Practi-
cal guidance for the management of adults with Immune Thrombocytope-
nia during the COVID-19 pandemic. Br J Haematol. 2020 [Epub ahead of
print]. https://doi.org/10.1111/bjh.16775
20. Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, et al. Positive RT-PCR test
results in patients recovered from COVID-19. JAMA. 2020;323:1502–3
21. Salje H, Tran Kiem C, Lefrancq N, Courtejoie N, Bosetti P, Paireau J,
et al. Estimating the burden of SARS-CoV-2 in France. Science
2020;369:208–11.
Single-cell oxygen saturation imaging shows that gas
exchange by red blood cells is not impaired in COVID-19
patients
SARS-CoV-2 coronavirus infection is characterised by a
marked inflammatory state and viral pneumonitis. A striking
clinical feature is severe hypoxaemia, often in the presence of
near-normal lung mechanics. Several hypotheses have been
put forward to explain these findings,1,2 including pulmonary
microvascular thrombosis, dysregulated hypoxic pulmonary
vasoconstriction and dysfunctional gas transport by red
blood cells (RBCs). Derangement in convective O2 transport
is an attractive hypothesis as this would explain why
COVID-19 hypoxaemia is often refractory to supplemental
oxygen. A controversial in silico prediction postulated that
the virus attacks haemoglobin (Hb),3 and despite subsequent
criticism,4 a number of hypotheses have emerged linking Hb
with COVID-19, such as the association between thalas-
saemias or fetal Hb with disease severity.5–7 Notwithstanding
these opinions, studies in China have confirmed modestly
lower Hb levels in severe COVID-198,9 and greater hetero-
geneity in terms of RBC volume, quantified as RBC Distribu-
tion Width-Standard Deviation (RDW-SD).10
In a recent letter to this Journal, Hb oxygen affinity was
shown to be unaltered in a cohort of 14 patients infected
with SARS-CoV-2.11 However, steady-state measurements of
affinity cannot predict the kinetics of gas exchange by RBCs,
which may become rate-limiting in COVID-19 due to
impaired perfusion of the injured lung and inflammation-
triggered RBC deformations that expand intracellular diffu-
sion path length. Moreover, measurements on whole blood
report an ensemble population average, which cannot resolve
the presence of small subpopulations of dysfunctional RBCs,
if these emerge in COVID-19. Indeed, given that RDW-SD
increases in COVID-19, O2 handling must be interrogated
with cellular resolution.
We recently designed single-cell oxygen saturation imaging
to assess O2 unloading kinetics and O2 storage capacity on a
cell-by-cell basis.12 We now applied this technique to study
blood from COVID-19 patients at the John Radcliffe Hospital,
Oxford, UK. Ten SARS-CoV-2-positive patients [9/10 con-
firmed by polymerase chain reaction (PCR) result, remaining
patient diagnosed clinically] were recruited to this study
through the Oxford GI Biobank (ethics 16/YH/0247). In half
of the patients, blood was sampled within the first two weeks
of diagnosis, and for the other half, sampling was in the subse-
quent fortnight. Three patients were asymptomatic healthcare
workers, identified by voluntary PCR testing, and the
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